Agricultural food production per unit area has increased substantially over the last few decades and continues to surpass the global human population growth rate (Matson et at. 1997). The recent success in Abstract: Impacts of watershed scale conservation practice adoption on sediment, nutrient. and pesticide losses and adjacent stream biota are not well understood. The objective of this study was to examine the suitability of selected paired watersheds to quantify hydrology, chemical, and ecology effects of conservation practice iniplementation for channelized and unchannelized watersheds in Upper Big Walnut Creek watershed, Ohio. Channelized watersheds were more similar in watershed characteristics than the unchannelized watersheds. One hydrology , eight water chemistry, and five fish community response variables were measured. Most response variables in both watershed pairs were moderately correlated (r > 0.6), but the nainimum percent change required to detect a response difference was greater for the unchannelized watersheds. Detectable temporal trends in the difference between like response variables for the chaimelized and unchannelized watershed pairs were namnmnial. These results validate the paired watershed design and suggest that conservation practice induced changes in hydrology, water quality, and fish communities call quantified.
food production is a result of intensive nianageincnt practices that include high yielding crop varieties, drainage, irrigation, mechanization, fertilizers, and pesticides. The last 40 years has also seen a steady increase in the use of nitrogen, phosphorus. and pesticides (Tilman et al. 2002) . The liberal use of nutrients and pesticides oil while responsible for increasing global food supply, poses a substantial risk to terrestrial and aquatic ecosystems. Implementation of environmentally friendly conservation practices or best management practices are often accepted as the best methods for sustaining agricultural production and mininuzing nonpoint source pollution (Ice 2004) . In the United States, congressionally authorized spending on farm programs to preserve and protect natural resources is at record levels (Loftis et al. 2001) . Federal dollars allocated through the 2002 Farm Bill aimed at funding conservation programs increased nearly 80% compared to the 1996 Farm Bill allocations (Mausbach and Dedrick 2004) .
Conservation programs such as the Conservation Reserve Program, the Conservation Reserve Enhancenient Program, the Environmental Quality Incentives Program, and the Wildlife Habitat Incentives Program are aimed at providing financial incentives to farmers in all to facilitate longterm adoption of conservation practices. Conservation practices that are promoted by these programs have generally been well tested at the smaller plot and edge of field scale (Mausbach and Dedrick 2004) . Additionally, these studies have focused primarily oil water chenimstry and/or sediment responses. However, the question still reniains as to the watershed scale impacts ofimplementation. Landowners and operators are hesitant to accept or adopt conservation practices that have not been proven efficfive, efficient, and/or economical (Ryan et ; il. 2003; Ribaudo et al. 2005) .
One approach to quantify and evaluate watershed scale impacts of conservation practices is to use natural experiments or field studies. Different experimental designs for field studies are available that involve conmparison of data collected before and after implementation of a treatment, comparison of data between sites with and without a treatment, or examining data relationships svith a treatment gradient (Downes et al. 201 )2). One such experimental design is the paired watershed design. This experimental design is also known as the before-after-control-impact design and involves assessing the response of both a control watershed and an impact watershed before and after treatment (the implementation of conservation practices in this study). Paired watershed designs have been used to investigate the impacts of nitrogen management (Koerkle et al. 1997) , phosphorus management (Bishop et al. 2005) , tillage (Clausen et al. 1996) , forest management (Wynn et al. 2000) , prairie restoration (Schilling 2002) , agroforestry practices (Udawatta et al. 2002) , and riparian restoration (Meals 2001) . The primary advantage of the paired design is that the use of the control watershed allows the effect of the treatment to be isolated froni other potential factors (i.e., climate) that might result in a difference in response response variables between watersheds (Dowries et al. 2002) .
While the paired design is ideal for isolating treatment effects, its use in the agricultural arena has been very limited. In the few paired watershed experiments that have been conducted, the primary focus was oil or water chemistry, with no known studies investigating aquatic ecological aspects. Fish communities within agricultural streams are expected to benefit from anticipated reductions of sediment, nutrient, and pesticide loadings following implementation ofconservation practices. Laboratory studies evaluating the mortality, of laboratory reared fishes have documented reductions in niortality with decreasing levels of sediment, nutrients, and pestitiJc ) 'Il.\ l0'0: '3.iicr doi:1o.2489/jswC.63.6.380 Validation of paired watersheds for assessing conservation practices in the Upper Big Walnut Creek watershed, Ohio
Figure i
Upper Big Watnut Creek watershed and subwatersheds. However, field evaluations of the impacts of conservation practices (designed to reduce sediment, nutrient, and pesticide loadings) on fish communities are lacking despite the regular implementation of conservation practices and best management practices within agricultural watersheds (Bernhardt et al. 2005; Alexander and Allan 2006) . Furthermore, aquatic ecological assessments are the driving force behind total maximum daily loads. Once established, watershed total maximum daily loads are often addressed with soil and water conservation practices aimed at reducing the impacts of land management on delivery of sediments, nutrients, and pesticides to adjacent waters. Combined hydrology, water chemistry, and ecology assessments are needed to provide a comprehensive understanding of the impacts of soil and water conservation practices on agricultural watersheds.
The objective of this manuscript is to validate the use of the paired watershed design to evaluate future watershed scale impacts of conservation practice implementation within the headwaters of the Upper Big Walnut Creek watershed, Ohio. The primary hypothesis is that the selected pairs of watersheds will be suitable for assessing the impacts of conservation practices (e.g., precision nutrient management and drainage water management) on the hydrology, sediment, water chemistry, and aquatic ecology of headwater streams in the Upper Big Walnut Creek watershed. A secondary hypothesis is that the effectiveness of the selected watersheds in assessing the impacts of conservation practices will differ between watershed types (i.e., channelized and unchannelized) and between time periods (i.e., between the nongrowing and growing seaoi is).
Methods and Materials
Upper Big Walnut Creek Watershed.
The Upper Big Walnut Creek (UBWC) watershed is one of the 12 bench mark watersheds in the United States being evaluated as part of the USDA Agricultural Research Service component of the Conservation Effects Assessment Project (Mausbach and Dedrick 2004) . The evaluation of conservation practices iii this watershed is unique among USDA Agricultural Research Service watersheds because it involves the combined evaluation of the hydrological, chemical, and ecological responses of channehized and unchannelized headwater streams to conservation practices.
The UI3WC watershed (figure 1) is an 11-digit watershed (HUG 05060001-130) located in central Ohio (latitudes 40'06'00" to 40°32'30", longitudes 82°56'00" to 82°42'00"). The watershed area is 492 km2 (190 mi2) and contains 467 kin (290 nfl) of perennial and intermittent streams that drain into Hoover Reservoir, which serves as a drinking water supply for approximately 800,000 residents in Columbus and surrounding communities. The UBWC was identified as a priority impaired watershed in the Ohio Environmental Protection Agency (EPA) (Ohio EPA 2004 ) 1998 list of waterbodies that do not meet an established water quality standard. The majority of headwater streams in the watershed are impaired by nutrient enrichment, pathogens, and habitat degradation stemming from current agricultural management practices (Ohio EPA 2003, 20)14) .
Cropland for production agriculture comprises the largest land use classification within the watershed (approximately ' 60%). The primary agricultural crops are corn, soybeans, and wheat. Management primarily includes conservation tillage, fertilization, and herbicide applications. An extensive portion of the watershed used for agricultural production is systematically tile drained, especially in the southern half of the watershed. In addition to crop production agriculture, a significant transition from agriculture to urban land use is occurring in the southwestern portion of the watershed. The urban land use component (approximately 15% of the watershed) is comprised of single-and multi-unit dwellings, parks, and golf courses. In addition, soils in the watershed are clayey, poorly drained, and Consist primarily of Bennmgton-Pewamo-Cardington soil association (60%) and the Centerberg-Bennington association (20%). The UBWC is located in the humid continental, hot summer climatic region of the United States. The climate provides for approximately 160 growing-degree days at a base temperature (temperature at which development ceases) of 0°C (32°F), generally lasting from late April to early to mid-October. Normal daily temperatures range from an average minimum of -9.6°C (14.7°F) in January to an average maximum of 33.9°C (93°F) in July. Thunderstorms during the spring and summer produce short duration intense rainfalls. Moisture in the form of frozen precipitation or snow averages 500 mm (19.7 in) annually and occurs primarily in the winter months (December to March). The 30-year normal rainfall recorded near the southwest portion of the watershed was 985 mm (38.8 in) . Monthly distribution of rainfall exhibits a bimodal distribution with a primary peak in late spring and early suniiner and a secondary peak in late fill and early winter.
Experimental Watersheds. The experimental watersheds (A to D) are headwater subwatcr-sheds located within the UBWC watershed (figure 1). One pair of channelized watersheds (A and 13) and one pair ofunchannelized watersheds (C and D) were identified and selected as experimental watersheds. Here channelized watersheds are defined as having some anthropogenic alteration: generally the stream channelsin the channehzedwatersheds have beeii deepened and straightened to more rapidly and efficiently convey surface and/or subsurface drainage waters, whereas in the unchanneized watersheds the stream channels have developed under natural conditions (figure 2). Channehzed headwater streams generally have a greater discharge capacity than unchannelized headwater streams. The southern portion of the UBWC watershed is dominated by minimal relief and large, systematic tile drained fields while the northern half of the watershed is characterized by smaller, more sloping fields and natural surface drainage. Each pair of watersheds was selected based on qualitative assessments of watershed size, agronomic practices. land use (primarily crop production agriculture), topography, dominant hydrologic processes, and potential willingness of landowners within the watersheds to enroll in conservation programs.The channehzed watersheds are representative of eastern Midwest tile drained watersheds and the unchannelized watersheds better represent natural drained systems. The selected watersheds range in size from 389 to 454 ha (960 to 1,120 ac) and contain mostly row-crop agriculture within the watersheds. Both channehzed watersheds contain narrow riparian Zones consisting mostly of herbaceous riparian vegetation and exhibit the straightened, over-enlarged, trapezoidal channels typical of agricultural drainage ditches in the nudwestern United States (figures 2a and 2b). Both unchanneljzed watersheds possess forested riparian zones with sinuous channels and variable bank heights as would be expected within headwater streams that have not been subjected to channelization for agricultural drainage (figures 2c and 2d). Agricultural practices in the selected watersheds are representative of those in the larger UBWC watershed. Primary crops are corn, soybeans, and wheat managed with conservation tillage, fertilizer, and pesticide applications. Additionally, owner/operator willingness to cooperate for experimental manipulation was considered to be high in all selected sites. This criterion was critical to help ensure that experimental manipulations could be implemented in the future within the treatment watersheds.
Data Collection and Analysis. Paired
Watershed Characteristics. Watershed characteristics of size, relief, shape, and landuse type were assessed using geographic information system analysis tools. Watershed boundaries were identified using digital elevation models and ESIU (ESRI. Redlands, California) 31) Spatial Analyst software. The digital elevation model data for 7.5-111inute units correspond to the USGS 1:24,000and 1:25,000-scale topographic quadrangle map series for all of the United States and its territories. Each 7. 5-minLite digital elevation model was based on 30-by 30-meter data spacing with the Universal Transverse Mercator Zone 17 projection. The paired study watersheds (A-D) were delineated using higher resolution county data when available. Parameters of drainage area, rehief, watershed slope, total stream length, drainage density, elongation (the ratio of the square root of the drainage area and the basin length), and circularity (the ratio of basin's drainage area to the area of a circle with an identical perimeter as the basin) were calculated with ArcGlS Version 9.0 (ESRI 
Figure 4
Hydrology and water quality sampling equipment located at the outlet of each watershed site from Landsat imagery at a 30 meter resolution (figure 3). Soil sampling was conducted in 2005 within the agricultural fields of each watershed to assess soil type and other soil property characteristics. Soil cores were collected at two different locations for each of the three major soil types within each watershed. At each location, cores were collected within three depth strata (0 to 15 cm, 15 to 30 cm, and 30 to 60 cm [0 to 6 in, 6 to 12 in. and 12 to 24 in]). Bulk density (g cm') was determined using the core method outlined by Blake and l-lartge (1986) . A modified wet sieving procedure was used for determination of percentage water stable aggregates (Kemper and Rosenau 1986) . Available water capacity (on cm-3) of soil was calculated from the difference in volumetric moisture content of soil at -0.033 and -1.5 Ml'a (1/3 and 15 bar) (Klute 1986). Total soil carbon (%) was determined by dry coinbustion using a CE Elantech CN analyzer (model NC 21(10) . Mean values of soil properties were calculated from the 18 samples (i.e. two locations x three depths x three soil types) collected within each watershed.
Hydrology and Water Chemistry. In 2004, the outlet of each watershed was equipped with a 2.4 in (8 ft) Parshall flume, Isco 4230 bubbler meter (to record stage), Isco 6712 automated water sampler, and Isco 674 tipping bucket rain gauge (figure 4). Stage and precipitation were recorded on a 10-minute interval. Stage was converted to discharge from a developed, site specific stage-discharge relationship. Water samples were collected by automated samplers and weekly grab sansples. Automated samplers were used from mid-March to December until the sampling lines were frozen. Automated samples were collected on a I -nim (0.04-in) volumetric flow depth interval with each sample bottle comprised of four aliquots. For a three week period, following the spring planting season, each sample bottle was analyzed. ThroughoLit the remainder of the year, samples collected during the week were combined to form a weekly composite sample. Weekly grab samples were also collected throughout the year, except during periods of drought or freezing. All samples were collected in midstream where a well-mixed condition was assumed to occur.
Following collection, all samples were handled according to US Environmemal Protection Agency (USEPA) method 353.3 for nitrogen analysis, USEPA method 365.1 for phosphorus analysis (USEPA 1983), and USEPA method 525.2 for pesticide analysis (USEPA 1995) . Samples were stored below 4°C (40°F) and analyzed within 28 days. Samples were vacuum filtered through a 0.45 iam (1.8 X 10 in) pore diameter membrane filter for analysis of dissolved nutrients and suspended solids. Concentrations of nitrate plus nitrite (N0 5 +NQ-N) and dissolved reactive phosphorus (PO4-P) were determined colorinietrically by flow injection analysis using a Lachat Instruments QuikCheni 8000 FIA Automated Ion Analyzer. NO 3 +NO,-N was determined by application of the copperized-cadniium reduction, and PO-P was determined by the ascorbic acid reduction method (Parsons et al. 1984) . Total nitrogen and total phosphorus (TP) analyses were performed in combination on unfiltered samples following alkaline persulfate oxidation (Koroleff 1983) with subsequent determination of NO-N and PO,-P. From this point forward, NO+NO-N will be expressed as N01-N, and 110 4_I' will be used synonymously with dissolved reactive phosphorus (DRP).
Atrazine,sinsazine.andmetolachlorresidues were determined using gas chromatography and a Varian Instruments Saturn 2200 Gas Chromatography Mass Spectrometer. Following collection, samples were stored at 4°C (40°F) until processing, generally within seven days. Two hundred milliliters (6.76 fl oz) of sample was vacuuni filtered (Fisherhrand 42.5-inns [I .67-mi diameter Glass Fiber Filter GO) and stored below 4°C (40°F) until extraction. Prior to extraction, the filtered sample was fortified with 1-mi ((1.0338 fl oz) methanol and terbuthylazine standard at a final concentration of 500 jag L I (ppb).The sample was then extracted using 0-nil (500-mg) Varian Bond Elut a-iS cartridges preconditioned with methanol. The extract was eluted with four 0.5-nil (0.0169 (1 oz) aliquots of ethyl acetate, dried under N, gas and reconstituted with 1-nil ethyl acetate containing 100 ig L phenanthrened 10 as internal standard. Samples were then stored at 0°C (32°F) until analysis. Two-jal (0.00067 fl oz) of sample were injected by splitless mode into a Varian CP-Sil 8 CB Low Bleed Column (30-111 X 0.25-mm ID) using aVarian Cl'-8400 autosampler. Helium was the carrier gas at 1-nil min. The oven temperature program consisted of temperature ramping from 55°C to 300°C (131°F to 572°F) at various time intervals with an injector temperature of 280°C (536°F). Arialyte analysis was conducted with the mass spectrometer and monitoring the masses for atrazine (mass-to-charge ratio n1/zj 200), nietolachior (m/z 162) and siniazine (m/z 138). Matrix spikes were prepared by adding a concentrated mixture of the analytes to ultrapure water for a final concentration of 500 pg L'. Extraction recovery for the three analytes was I 00%±5%. No analytes were detected in blanks.
All pollutant loads (e.g.. nitrate) were calculated by multiplying the .inalyte concentration by the measured water volume for that respective sample and summing on a monthly basis. The volume of water associated with any one sample -,vas deternuned using the midpoint approach, i.e., the temporal midpoint between each sample was determined and the volume of water calculated for that time duration. The analyte concentration was assumed to he representative over that specific flow duration.
Fish Communities. Fishes were sampled from two sites within each watershed. Each site was 125 in (410 ft) long and located near the locations of the automated water samplers and flumes. One sampling site was located at the watershed outlet, and the second sampling site was at least 150 in (492 ft) upstream. Fish were collected three times a year in the spring (May to June), summer only to August), and fall (September to November) in 2005 and 2006. Block nets were set at the upstream and downstream borders of the sites prior to sampling. Fishes were sampled with a backpack electrofisher (100 to 150 volts, 60 Hz, DC current) and seine (2 iii X 4 iii, 0.32 ciii mesh size [6.5 ft )< 13.1 ft >< 0.13 in mesh size[). Electrofishing began at the downstream border of a site and proceeded upstream. Care was taken to ensure that all habitat units within each site were sampled thoroughly during electrofishing. Five seine samples that were equally distributed throughout each site were also collected. Selected pools and slow flowing areas were sampled with a haul, while fast flowing riffle areas were sampled using the seine as a block net and kicking into the sense. Fishes that could be identified in the field were sorted by species, counted. and released. Unidentifiable fishes were euthanized with MS-222 (tricaine niethanesulfonate), fixed with a 10% torniahn solution, and returned to the laborator y for subsequent identification.
Fish response variables were calculated for each watershed during each sampling period by compositing data from the two sampling sites collected in the spring, summer, and fall. Fish species richness is the number of fish species captured and describes the diversity of the fish connnunities. Fish abundance is the number of fishes captured and provides information on the amount of fishes within the watersheds. The percentage of headwater fishes, omnivores, and insectivores are indicators of the abundance of fishes with similar habitat requirements or feeding strategies. Specifically, headwater fishes are those fishes expected to be found in first to third order streams in the midwestern United States, such as creek chub, white suckers, and orangethmat darters (Ohio EPA 2002) . Oninivores are those fishes that eat plant and animal matter) and insectivores are those fishes that cat insects and other invertebrates. (2) have moderate correlations (i.e., greater than 0.6) in response variables between paired watersheds (Loftis et al. 2001), (3) lack the presence of a temporal trend in the difference in response variables between control and impact watersheds prior to the impact (Stewart-Oaten and Murdoch 1986). and (4) exhibit minimal effect sizes needed to detect a significant change. Thus, validation of the experimental design selected for our study required the use of Four data analysis approaches.
First, the similarity in watershed characteristics between paired watersheds was examined. Specifically, we examined the similarity between response variables describing the the size and shape (i.e., drainage area, slope, relief, total channel length, surface drainage density, elongation, circularity), land use (i.e.. percentage urban, agriculture, shrub/scrub, wooded, wetland), and soil characteristics (i.e., percentage soil types present, bulk density, water holding capacity, percentage water stable aggregates, total carbon) of the watersheds. Similarity in watershed response variables between paired watersheds was evaluated by calculating the total or mean of each response variable. The difference in each response variable was calculated, and those totals or means that were witlini 25% of each other were considered to indicate similarity between watershed pairs. Our methodology provided objective a priori criteria for the assessment of the similarity in watershed characteristics between unreplicated watershed pairs. Secondly, the relationships in hydrology, water chemistry, and fish communities between paired watersheds were assessed with simple linear regression analyses to determine the degree of correlation present between paired watersheds. Specifically, correlations in one hydrology variable (discharge volume), eight water chemistry variables [loadings of suspended solids. NO-N, total nitrogen, I )RP, TP, nietolachlor, siiiiazine, and atrazinej, and five fish community variables (species richness, abundance, percentage headwater fishes, percentage onnuvores, and percentage insectivores) between watershed pairs were examined.
Thirdly, temporal trends in the differences between paired watersheds in h ydrology,water chenmmstry, and fish conmniunitv response variables were examined using the Daniels Test for Trend (Conover 1999) . The Daniels Test for Trend was selected because it examines the relationship between the difference ni a response variable between pairs and time period. Since the watersheds are close in proximity, any climate impacts should be huffred, The Daniels Test for Trend involves using the Spearman rank correlation to calculate the correlation between the difference in hydrology, water chemistry, and fish conimnumnty response variables between watershed pairs and time period. Correlation coefficients with p-values less than 0.05 indicate the occurrence of a temporal trend for a particular response variable. Specifically, response variables with positive correlation coefficients and significant p-values (p < 0.05) indicate all difference in the response variable between paired watersheds over time. Conversely, variables with negative correlation coefficients and significant p-values (p < 0.05) indicate a decreasing difference in response variables between paired watersheds over time. Additionally. the Daniels Test for Trend does not require long term data sets like many of the paranietnc statistical techniques that are specifically designed for the analyses of time series data (although more confidence call gained from longer data sets).
Fourthly,the minimum percent change required to detect a significant difference in hydrology, water chemistry, and fish community response variables before and after the implementation of conservation practices was calculated. Analysis of covariance (ANCOVA) will be employed to statistically analyze post treatment results because it is commonl y used in the analyses of paired watershed designs (Clausen and Spooner 1993). The minimum percent change required to detect a significant difference oil slope and intercepts of the paired watershed regressions before and after implementation of conservation practices was calculated with the following formuhis (Clausen and Spooner 1993; Galeone
where il l and u, are, respectively, the sample size before and after a conservation practice is implemented. In this case (before conservation practice implementation), the hydrology and water chemistry sample sizes were 24 (14 for the growing season and 10 for the Iiongrowmg season), and the fish eoinmuniii tipis O/\\ i dx. Iii i,Klitioii. iN4 siiii-plc sizes are anticipated to remain the same after conservation practice implementation. F is the F value for the variance ratio at 1 and (n + n, -3) degrees of freedom based on the significance level desired, and S'2 is the calculated variance from the first two years of sampling. Based oil data and a 0.05 significance level, equation 1 was solved for the minimal difference, d, which was then used in equation 2 along with )< (the mean of a response variable from the control watershed) to determine the mini-Mull) percent change required (Clausen and Spooner 1993; Galeone 1999 
Results and Discussion
Watershed Characteristics. Nineteen physical, land use, and soil parameter indices were used to evaluate the similarity in channelized paired watersheds while twenty parameters were used for the unchannelized watersheds (table I) . The different number of parameters was a result of the number of dominant soil types in each watershed pair. In general, the watershed characteristics ill pair of watersheds were similar. Thirteen of nineteen watershed response variables were similar between channelized watersheds while tell twenty response variables were similar between unchannelized watersheds. Those response variables that were not similar were still within the same magnitude between paired watersheds. For the channelized watersheds, two of the size and shape parameters did not meet the 25% similarity criteria. Similarity in channel length was within 38.5% while surface drainage density was within 53.7%. The remaining four parameters that did not meet the criteria in the channelized watersheds comprised less than 10% of either soil type or land use and were not considered significant for this study. For the unchannelized watersheds, three of the seven size and shape parameters (total channel length, surface drainage density, and circularity) did not meet the similarity criteria. However, differences in these parameters were less than 40%. Differences in the land use categories were a result of the magnitudes in each watershed and were not considered significant to the study. The primary differences in similarity were with respect to soil type. None of' the ['our primary soil rhc iiiiJiiiii'Iii4d \vitcr;ic; pair met the 25% criteria. The discrepancy in soil types was attributed to difficulties in joining adjacent county soil surveys and to different land forms. The unchannelized watersheds are situated on a physiographic and glacial divide. Despite these differences, all soil property parameters for both the channelized and unchannelized watersheds met the similarity criteria. Unchannelized pairs exhibited a greater slope and surface drainage density and were more elongated than channelized pairs (table  I) . Differences in slope and surface dramage density were a result of location in the UIIWC watershed. The channelized and unchannelized watershed pairs have different geologic periods (Devonian versus Mississippian) and were situated in different glacial (ground moraine versus end moraine) and physiographic regions (till plain versus glaciated low plateau). Land use within all watersheds was predominantly agriculture (table 1) , primarily corn and soybean crop production. Additionally, channelized watersheds had lesser amounts of wooded areas within each watershed than unchannelized watersheds. Channelized watersheds contained mostly Bennington and Pewaino soil types, while unchannelized streams contamed mostly Cardington and Bennington soil types (table 1) .
Hydrology. The range of measured precipitation during the two-year period of record was analy zed based on the assumption that precipitation is the driving force for hydrologic relationships. In turn, hydrology functions as a dominant factor in sediment, nutrient, and pesticide transport and the structure of streani biota. Monthly precipitation in 2005 and 2006 followed a bimodal distribution with primary peaks in the winter and secondary peaks in summer (table 2) , which was in contrast to the historical precipitation distribution in which the primary peak occurs in the summer and secondary in the winter. Measured precipitation in the 2005 and 2006 growing and nongrowing seasons suggests that the precipitation was in the upper end of the range with less than 50% chance of being equaled or exceeded (figure 5).The 2006 growing season precipitation had less than a 20% chance of being equaled or exceeded while the 2005 nongrowing season only had a 4% chance ofbeing equaled or exceeded. The ideal calibration period would span time full range of expected \L!1I4 1&sliiLiIt 1 KIt 41ni1iIIig rim 
Figure 5
Exceedance probability plot of annual growing and nongrowing season precipitation from the National Climatic Data Center, Westerville, Ohio, gauge (1951 Ohio, gauge ( to 2006 . The Daniels Test for Trend p < (1.05) indicated that the differences in discharge volume between the channelized watersheds increased through time, while a decreasing trend in the differences in discharge volume occurred between the unchannelized pair (table 3) . The evidence of a tempo-ral trend in volumetric discharge prior to the implementation of conservation practices suggests that (despite the well-defined relationship between watershed pairs) any observed changes after implementation of nutrient and pesticide management fla y not be solely attributed to the practices. These mixed responses suggest caution should be used when interpreting the hydrological responses to conservation practices. It is suspected that the observed trends would not be detected with a longer data set. Additionall y, the use of monthly data also tends to add variability to the calculations. Using all time step would be preferable, but given the life expectancy of the project (-approxunately six years), a monthly tune step is the largest permissible tulle step that provides sufficient data.
The calculated effect size required to detect a change in discharge volume varied by season and watershed pair (table 4). As suggested by the strong correlations during the nongrowing season, less change uI discharge volume will be required to detect an effect in both watershed pairs during the nongrowing season. For example, a 6% change in discharge volume will be required to detect a difference for the channelized pair compared to 15% for the unchannelized pair. In contrast, detecting a discharge volume change in the growing season will require a greater effect size, 37% and 32% forthe unchannelized and channelized watersheds, respectively (table 4). The increase in effect size needed during the growing season conipared to the nongrowing season was attributed to scatter incurred from different crops and management. However, it should be noted that this study was not designed to isolate or relate the responses to current watershed or management characteristics. Increasing the sample size by combining all seasonal data resulted it) minimum effect sizes that were less than those needed in the growing season but greater than the nongrowing season (table 4).The percent change needed when all months were considered (17%) was identical for both watershed pairs. Water Chemistry. In general, correlations in sedunent and nutrient loads (figures 6 and 7) between paired watersheds were stronger than those for pesticides (figure 8). Positive relationships (p < 0.05) were observed ill solids between channelized watersheds for the nongrowing season and between unchannelized watersheds during 
Channelized watersheds

Suspended solids (kg hat)
both seasons ( figure 6) . Positive relationships and uncliannelized watersheds, respectively) Tl and L)RP were likely a result of diffring were also observed for all nutrients in chanof the correlation coefficients for sediment, crop rotations in the watersheds. nelized watersheds during the nongrowmg nutrients, and pesticides were greater than Many of the pesticide relationships were season and in the unchannelized watersheds 0.6, with man y relationships having cor-not significant because of the limited number during both seasons (figure 7). Similarit y in relation coefficients greater than ((.9. With of data points (as a result ofall ongoing treatsediment and nutrient response was attributed the exceptioii ofT P in the unchannelized nient) that actually impacted the response. to similarity in land use and management, pair, all sediment and nutrient relationships A special Environmental Quality Incentives Additionally, positive relationships in ineto-were stronger during the nongrowing season Program conservation program targeting lachlor during the nongrowing season and compared to the growing season. The stron-atrazine application within the entire UIIWC simazme during the growing season were ger relationships during the nongrowing watershed began in 1999. In the channelized noted in channelized and unchainielized season were attributed to similarity in land watersheds, the treatment watershed (B) had watersheds, however a positive relation-management following harvest. For hydrol-greater than 75% participation in the program ship in simazine was observed only in the ogv, sediment, and nutrient loss, the poorest while the ilontreatment watershed (A) had unchannelized watersheds in the growing relationships were measured in the channel-less than 25% participation. With respect to season (figure 8). Figures 6 to 8 show that the ized watersheds during the growing season. the unchannelized watersheds, both watermajority (10/16 and 13/16 for ehannelized The poor relationships for Suspended solids, sheds were managed similarly with respect both watershed pairs during the growing season. Thus, alterations ill application or mipleuientation of practices that would affect sinlaznie transport should be detectable and quantifiable. The naajority of chemical response variables did not exhibit a sigiiificarit correlation (p < 0.05) between watershed differences and time period (table 3) . Three significant correlations between difThrenees ill cheniistrv response variables and tinle period were observed ni unehannelized watersheds, and none were observed ill watersheds. Specifically, atrazine exhibited iii iuicrc.isnty trend (p < 0.05 while 1)RP II' cI::cl I d " IchlL tiend in lie difb'rence between unchannelized watersheds (table 3) . These results suggest that observed changes ill l)RP, and TI' following iniplenientation of conservation practices aimed at impacting nutrient and pesticide losses within unchannelized streanis may not be solely attributable to the practices. If future nianagement changes result in significant reductions in these three response variables, additional analysis may be required to isolate and attribute the findings solely to the conservation practices. Table 4 shows that niinimum percent change required to detect a significant treatnient effect for suspended solids within the the channelized pair during the iiongrowing season was less than the growing season. Iii contrast, the minnuum percent charge for suspended solids ill unchannelized watersheds during the nongrowmg season was nearly all of magnitude greater than that during the growing season. The nunimum percent change for nutrients was less during the nongrowing season compared to the growing season for both watershed pairs (table 4) . The percent change required for pesticides varied by season and watershed pairs. Ill channehized watersheds, the nuninluni percent change for oietolachlor and atrazine during the growing season was less than the nongrowiug season with simazine exhibiting the opposite seasonal trend ni the channelized watersheds. The minimum percent change for atraziuie during the growing season was slightly less than the nongrowing season within the unchannelized watersheds (table 4) . With the exception of nietolachlor and atrazine for channelized watersheds, and suspended solids and atrazine for unehannelizeci watersheds, all water chemistry response variables showed a smaller nunununi percent change required for the nongro\viIig season conipared to the growing season. Increasing the sample size (e.g., combining the growing and nongrowmg season data) did not substantially decrease the niimniuiu percent change required for the majorit y of the water chemistry variables (table 4) .
These findings suggest that changes resulting froui planned conservation practices aimed at reducing pollutant loadings will be easier to detect ill chaunelized watersheds conipared to the unchannehized watersheds. This may he a result ofmnore consistent similarity ill size and shape paranieters. lii iduse ai id soil characteristics. For example.
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Figure 7
Monthly IN 03 total nitrogen, dissolved reactive phosphorus, and total phosphorus relationships between channelized and unchannelized watershed pairs within the Upper Big Walnut Creek watershed for the 2005 (p < ". ( 6) lilipact throughout the year, a planned Conservation practice would need to reduce the loading by 8% ill chantielized watershed compared to 36% in the unchannelized watershed. The above findings also suggest that changes resulting from planned conservation practices will be easier to detect during the 000growing season compared to the growing season. if only the growing season was of interest, reductions for nitrate-nitrogen would need to be 16% for the channelized watersheds and I ((0% for the unchannelized watersheds. Siiiii1ariv. if only impacts during the nongrowing season were of interest, a 9% reduction would be required for the channelized watersheds compared to 31% for the unchannelizcd watersheds. The variability ill effect size required to measure differences in the growing and flongrowing seasons were attributed to vegetation, nhinagenicnt, and storm t ypes and intensity differences in the two seasons.
Fish Communities. For simple regression analysis, the only significant correlation (p < 0.05) between channelized svatershed was a positive correlation ill species richness (table 5). Significant positive correlations in percentage headwater fishes and percentage omnivores were observed within unchannelized watersheds (table 5 ).
In addition, only fish species richness for the eliannelized watersheds had a correlation coefficient greater than 0.6; however, four fish eoimllunity response variables for the unchannelized watersheds had correlation coefficients greater than ((.6. The Daniels Test for Trend (p < 0.1)5) indicated that only the percentage insectivores fish community response variable within ehannelized watersheds exhibited a significant (negative) trend durnig the First two years ofsanipling. Species richness and abundance response variables indicate larger effect sizes will be required to detect changes resulting from inipleinentanon of conservation practices compared to percentage headwater fishes, oninivores, and insectivores. Additionally, the effect size of fish conmiunity response variables within the ch.oineljzed watersheds max' need to he larger than the effect sizes required within unchan nelized watersheds. Because of the high correlation (at least for unchannelized watersheds) and the lack of trends for both the channelized and unchannelized watersheds, the correlation results ( (table 5) . llie remaining fish comniunity response variables had a inininlunl percent change of less than 4()% in both watershed types and were eoniparahle to values observed for the h y drology and water chensistry variables in table 4. Similar to the correlation results, the mm iinnni percent change results in table 5 iniplv that fish community responses to conservation practices with the use of the paired watershed design will be feasible. l)espite the expected variability ill response variables, even minor changes to the fish eonmnlunity response variables induced b y conservation practice,, should he detectable.
Summary and Conclusions
Conibnmed livdrolos, ss,lter cllcniistr\; and ecology ,issessnIents are needed to provide a comprehensive understanding of the inipact of soil and water conservation practices oil agricultural watersheds. Hydrology, water chenustry, and fish conimiiunitv data were F. each watershed pair supports the selection of these experimental watersheds. Based oil watershed similarity, measured differences in paired watershed hydrology, water chemistry, and stream communities following iniplenientation of conservation practices should priniariy be a result of management practices rather than an impact of largescale differences in watersheds. The similarity also suggests that if management practices are similar within paired watersheds, then well-defined relationships in hydrology water chemistry, and ecological response variables should also he expected. Moderate correlations (r > (0) were observed for the majority of the hydrology water chemistrv,and fish community response variables in both channelized and unchannelized paired watersheds. Correlations were generally stronger in the unchannelized watersheds compared to the channelized watersheds. The strongest correlations were found for the hydrology and sedii nent/nutrient load variables. Pesticides had the weakest relationships, which were partially a result of on-going treatments in the watershed pairs. The moderate relationships for hydrology, Sediment, and nutrients suggest that minimal to moderate effect sizes will be required to detect significant (p < 0.05) change. It was speculated that longer data sets and/ or the ability to analyze annual results may improve the correlations. • Differences in most response variables between paired watersheds did not exhibit significant temporal trends. More temporal trends were detected in the unchannelized watershed pair than the channc'lized watershed pair. Detection of a trend does not negate the use of a particular response variable for that watershed pair. Instead, it suggests that additional analyses should be performed before attributing shifts iii tile response variable solel y to the treatment. • The cstiuiatcd effect sizes required to detect a significant impact of conservation practices was less for the channehZed watersheds than the unchannehzed watersheds. There was also a noted difference between the growing and nongrowiilg seasons. The difference ,, were most likely a result of differences in crops and managemimeilt, riparian vegetation, and seasonal storm types and intensities. A range of effect sizes was estimated and was dependent upon the specific response variable. Based Oil the estimated effect sizes, the likelihood of detecting significant () < .05) changes following implementation of conservatioil practices is somewhat small except for a small subset of response variables. Even thougll the treatment response may or may not be significant, quantification of the treatment can still he accomplished.
Overall, these findings validate the suitability of the paired watersheds for future assessment of soil and water conservation practices targeted to impact hydrology, suspended solids, nutrient and pesticide loss, and fish coniii iumties. However, it should be noted that within each watershed pair. investigation of the validation criteria was somewhat mixed depending on the selected response variable. These mixed responses suggest future interpretation of the responses may require additional analyses to confirm the observed result from the paired watershed analyses.Vandatiilg the suitability of the paired watersheds provides confidence in future assessments of conservation practices within these subwatersheds.
In addition to the implications for future studies within the Upper Big Waintit Creek, this study also possesses some broader implications for investigators studyin g the watershed scale impacts of conservation practices.. First, this study identifies water quantity/quality and fish community response variables that will he most effective in detecting impacts of conservation practices practices and other watershed alterations on headwater watersheds in the Midwestern United States. Specifically, this research highlights the need to be coniprehensive in selecting response variables in order to obtain holistic understanding of the impacts of conservation practices. Secondly, the results suggest that the paired design will he an effective design for headwater watersheds in the Midwestern United States, with the requirement that care must be taken to ensure that watershed pairs are as sinailar as possible with respect to watershed characteristics and management. Fnlally, the unique validation approach and statistical analyses outimed in this manuscript may he .1 use-fill technique for other scientists planning to use the paired design to assess the impacts of conservation practices.
